Abstract-This paper presents the method to recognize and identify the different type of enclosure with apertures from electromagnetic emission. The square wave generator is fed into the structure-like antenna in the enclosure box. Then the radiated emission from the different type of aperture are measured. The thirteen highest amplitude of the radiated emission are fed into an Artificial Neural Network input for recognition. The target of the neural network are set in four bits in the digital format. When the training process is finished the neural network are used for identify the kind of the aperture. The trained neural network are very successfully in identification all kinds of enclosure with apertures.
The shielding enclosure has already been studied many times. It is frequently used to reduce the emission or to improve the immunity of the electronic equipment. In the PC-case, the integrity of shielding enclosures is compromised by slots and apertures for heat dissipation, CD-ROMs, I/O cable penetration or other possibilities. These apertures can radiate the electromagnetic field and emission spectrums are different. While a major problem of a PC-case is a electromagnetic compatibility (EMC) rules. There are many papers present the method for mitigate the radiation from intended apertures [1] [2] [3] . Proper design of airflow aperture is critical in minimizing electromagnetic interference (EMI) for PC-case. There are several ways in which they can be applied in order to minimize the error between the expected and predicted spectra of the radiated field such as the Method of Moment (MoM) and the Finite Element Method (FEM). However, they are computationally intensive and suitable only for basis structure and all of them are very expensive.
In this paper, the Neural Network (NN) is used to recognize and identify the effects of apertures shape. For all cases, a metallic container with the dimensions of 20 × 40 × 45 cm 3 and a fixed rectangular open area of 18 cm 2 on one wall. There are 9 rectangular apertures for test in shielded room. The results have been taken to training neural network process for using in identification emission spectrums. The aim is to develop a procedure that can be carried out with inexpensive test facilities. The measurement shall be used to give an indication if a product can pass the costly standard EMI test.
ENCLOSURE WITH APERTURES CONFIGURATION
For rectangular apertures, we use 9 cases which have the same area of 18 cm 2 are shown in Fig. 1 . There are one aperture (1 × 18, 2 × 9 and 3 × 6) and array of apertures (2 × 1, 1 × 6, 1 × 9 and 3 × 1) for make the difference. In array of apertures, they have been separated into small apertures and aligned to different position. All cases are the one open wall of box which was made from aluminum.
NEURAL NETWORK
A neural network (NN) can be considered as a matrix function that provides an approximate model of a system. The approximation model of this function is define a priori, and depends on the type of application (identification, classification, pattern recognition, etc.) [4, 5] .
A three-layer NN, (shown in Fig. 2 ), which consists of an input (the i layer), a hidden (the j layer), and an output (the k layer), is adapted to implement the proposed application. The capability and accuracy in the estimation depends on the number of input nodes, hidden nodes, and output nodes, etc.. The backpropagation network can be thought of as a converter having many inputs and outputs. The learning process begins with feeding the input data into the NN input layer, and assigning the NN target for the output layer. Then, the initial connection weights and bias nodes at the hidden layer and the output layer are set randomly. The maximum error, the learning rate, and the momentum are set for the NN, respectively. The network converts the input data according to connection weights. The calculated output in each hidden node is converted to the output layer using the Sigmoid function. The summation of each sigmoid function in the hidden layer is the calculated output node. The calculated result from the output layer is converted to the output data and used for comparing with the NN target using the linear activation function and the threshold function, respectively. From this point, the sum-square error is obtained and used for stopping the learning process.
The backpropagation process begins when the sum-square error is greater than the maximum error. The output data in the output node is back propagated to the hidden layer and the input layer, respectively. During propagation, connection weights are adjusted until the network sumsquare error is less than the maximum error. When the learning process is finished, the weights are obtained and the NN architecture is defined. The trained NN is ready to identify or predict outputs related to the input data.
MEASUREMENTS AND RESULTS
The measurements are measured from 30 MHz up to 1 GHz. The box is placed on an 80 cm high non-metallic table. The radiated field is collected by an antenna located at a 3 m distance from the box , at height of 1 m inside the semi anechoic chamber. The measurement for horizontal polarization E-fields are measured by using a bi-conical antenna. A generator produces a 30 MHz square-wave with a 50 ns rise time, 5 V peak-to-peak amplitude, 0.5 duty cycles, and a 50 input resistance constitutes the digital source. We set the dipole antenna in the box for electromagnetic source. The measurement configuration is shown in Fig. 3 . The measured results for one aperture are shown in Fig. 4 (a) for case 1. The peak radiated emission of another kinds of aperture are plotted and show in Fig. 4(b) . The radiated spectra of different aperture are similar together, but different in amplitude. From the Fig. 4(b) , the peak emission of case 5 are highest compare to case 1 and case 5, because the size of aperture match with the antenna length. At 50 MHz frequency, the amplitude of radiated emission is lowest because of resonance of the enclosure box. The measured results from enclosure with aperture in case 1 and case 9 are a few different because of there are located in horizontal polarization and the length of the aperture are not match to the wavelength. The 13 highest peaks of radiated emission spectra are selected for fed into the NN training process.
The obtained amplitudes in each frequencies referring to emission spectrums of the aperture are fed into the input layer of NN. The target of NN consists of different aperture's dimension are set in the binary digital format("0", "1") in four bit. Fig. 5 shows the NN training process. The three layers of NN, which consist of 13 input nodes, 100 hidden nodes and 4 output nodes, are applied. The maximum error and the learning rate are provided as 0.00001 and 0.05, respectively. The training data sets of the NN for learning process are shown in Table 1 .
CONCLUSIONS
In the design process of PC-case, airflow apertures are critical in minimizing electromagnetic interference (EMI). The enclosures of different dimension apertures are studied. We concentrate on the method to identify emission spectrum. The neural network is applied to identify various enclosures of apertures which produce electromagnetic fields. In this process, the peak amplitudes of some frequencies are selected to feed into the input layer of NN. We found the neural network with (13 input nodes, 100 hidden nodes, 4 output nodes) can identify emission spectrums from different apertures. This is especially useful in giving an indication if a product can pass the costly standard EMI test.
